stick (25G or 30G needle) and no-trauma were used as controls. An additional control consisted of tails 1 0 8 dipped in sterile culture broth only and subjected to mosquito biting or sterile needle stick. added bromophenol blue until the solution changed from blue to clear. The mixtures were diluted in PBS and 1 3 0
CFUs determined by spot plating as described above. and hematoxylin/eosin staining. The fixed and stained tissue sections were examined by light microscopy. mouse-tails to obtain an average surface area (493.3 ± 41.1 mm 2 ). Using ten mouse-tails, we then 25G and 30G needles used to deliver the puncture wounds (0.207 mm 2 and 0.056 mm 2 1 4 1 7 respectively). These parameters were then used to calculate the infectious dose, assuming the 1 4 2 bacteria were evenly distributed over the tail surface (Fig. 1C ). A standard curve was interpolated 1 4 3 using non-linear regression and an ID 50 estimated using (GraphPad Prism v 7.0a). We established a murine model of M. ulcerans transmission (model-1) that represented a skin surface 1 4 9
contaminated with the bacteria and then subjected to a minor penetrating trauma, via either a mosquito bite or 1 5 0 needle stick puncture. In a first experiment two of six mice with their tails coated with M. ulcerans and then 1 5 1 bitten by mosquitoes developed lesions (Table 1 , Fig. 1C , Fig. 2A ). Histology of these lesions confirmed a 1 5 2 subcutaneous focus of AFB, within a zone of necrotic tissue. There was also characteristic epithelial qPCR-positive and culture positive for M. ulcerans ( Supplementary Table S1 ). Mice bitten by mosquitoes 1 5 5 but with tails coated only with sterile culture media did not develop lesions (Table 1 ). In the same 1 5 6 experiment, we also subjected five mice to a single needle stick puncture. Each mouse had their tail coated immediately after coating for two mice, versus an uncoated animal. M. ulcerans concentration was 10 6 1 7 2 CFU/mL. same analyses as for the mosquito-bitten mouse #182, but for a mouse developing a lesion following sterile 1 8 2 needle-stick puncture through a contaminated skin surface (mouse #201). Then, using approximately the same dose of bacteria to coat the mouse-tails, we repeated experiment-1 but 1 8 5
with Aedes aegypti because of the close association of this mosquito to humans world-wide and their vector 1 8 6
competency for viral pathogens. Despite more mosquito bites per mouse than the first experiment, none of 1 8 7 the five insect-exposed mice developed lesions (Table 1) . In contrast however, four of five mice subjected to 1 8 8 single, needle stick puncture developed M. ulcerans positive tail lesions (Table 1) . We assessed the burden of 1 8 9 M. ulcerans by individual IS2404 qPCR of the head, abdomen and legs for each mosquito that blood fed 1 9 0 ( Fig. 3) . A summary of these results is shown in Fig. 3A . We noted that the bacterial load (expressed as 1 9 1 genome equivalents [GE]) was significantly higher in the heads of mosquitoes associated with mice that 1 9 2 developed lesions (p<0.05) ( Fig. 3B , Supplementary Table S1 ). These data point to a threshold, above which axis is GE and x-axis is experiment. The qPCR data for individual insects is contained in 2 0 7 Supplementary Table S1 . Based on the time until a tail lesion was first observed, we estimated a median incubation period (IP) of 12 2 1 0 weeks (Fig. 4A ). This result overlaps with the IP in humans for BU, estimated in different epidemiological 2 1 1 studies from 4-10 weeks in Uganda during the 1960s [14] and 4 -37 weeks in south east Australia [25] . We 2 1 2 also estimated the infectious dose 50 (ID 50 ). We used six different concentrations of M. ulcerans to coat the 2 1 3 tails of mice (n=5 mice/dilution) and observed the number of mice for each dilution that developed Buruli 2 1 4 ulcer, allowing an ID 50 estimate of 4 CFU (Fig. 4B) . To our knowledge this is the first estimate of an M. inoculated just below the skin is sufficient to cause disease. Here, we show for the first time a highly efficient atypical mode of mechanical transmission of 2 2 4
Mycobacterium ulcerans to a mammalian host that implicates both biting insects and puncturing injuries. ingested and then egested via regurgitation or salivation, the mechanism would act more like a syringe than a which Naucoris and Belostmatid water bugs were contaminated via feeding on maggot prey that had been 2 3 6 injected with M. ulcerans or fed naturally on dietary contaminated larval mosquito prey [23, 33] . Our demonstration in the current study of mechanical transmission s.l implies there are potentially As a sequel to this study in Guinea pigs, we raised the question of how likely it was that human skin could be 2 4 8 1 4
sufficiently coated in M. ulcerans that an injury from natural or anthropogenic sources could lead to 2 4 9
